ABSTRACT: Anterior cruciate ligament (ACL) injuries continue to be a major focus in sports medicine research. With so many changes to our understanding of ACL anatomy and with rapid advances in reconstruction techniques and rehabilitation protocols within the past 20 years, it is important to identify the landmark research that has laid the foundation for current ACL treatments. Using the Web of Science citation index, a search was carried out for the 30 most cited articles on ACL injury published in the last 20 years. The generated list was sorted from highest to lowest citation number. Clinical studies were subcategorized as therapeutic, prognostic, diagnostic, or economic/decision analysis and assigned a level of evidence. Basic science articles were designated anatomic, animal, biomechanical, or clinical. The number of citations per year (citation density) was calculated. The search yielded 6,345 articles. The total number of citations among the top 30 ranged from 188 to 611. Citation density ranged from 10.1 to 66.2. Nineteen articles were clinical, 8 were basic science, and 3 were video analyses. Clinical articles were most commonly therapeutic (18 of 19; 95%). Basic science articles were most commonly biomechanical (7 of 8; 88%). The most common level of evidence was Level II (10 of 19; 53%). More than half of the articles in the top 30 (16 of 30; 53%) were published in The American Journal of Sports Medicine. Many of these articles have played a large role in shaping current clinical practice regarding ACL injuries. We hope that by compiling this list we can draw attention to the continued need for studies of the highest level of evidence.
I. InTrOduCTIOn
Evidence-based medicine and peer review continue to shape the clinical practice of medicine through rigorous analysis of outcomes. For this reason, the need to identify articles with the greatest impact on a physician's field of practice has become especially important. It has been suggested that the number of times a paper is cited is an indicator of its overall impact. Studies in orthopedic surgery have addressed this notion by compiling the most frequently cited articles in several different fields. [1] [2] [3] [4] [5] [6] [7] [8] [9] These reports have been used to identify trends in literature published over time and patterns in resident and fellow education.
Such publications have ranged in scope from identifying the most cited articles in all of orthopedics to identifying those exclusively related to the shoulder. 1, 4 Cassar Gheiti el al. published a list of the 25 most commonly cited articles related to arthroscopy; however, only 5 of them pertain specifically to the anterior cruciate ligament (ACL). 8 We feel this is an inadequate representation of a topic that has dominated the recent literature in sports medicine. Since its inception, ACL surgery has made tremendous advancements both in surgical techniques and in our basic understanding of the anatomy and biomechanics of the ligament itself. 10 Surgical techniques have progressed from early open ACL repair to arthroscopically assisted and all-arthroscopic ligament reconstructions. The importance of anatomic reconstruction continues to be a focal point of recent research as studies aim to find the best ways to recreate the body's natural anatomy.
In an attempt to identify those articles with the greatest impact on current clinical treatment and anatomic understanding, we endeavored to create a list of the most commonly cited articles pertaining to ACL injuries published over the last 20 years.
II. MATerIALs And MeThOds
In October 2014, we used a Web of Science citation index search to identify the 30 most cited articles pertaining to ACL injury published in the last 20 years. The Web of Science has an index of over 60 of the best known journals in English in the field of orthopedic surgery. This type of citation search had been employed in previous studies. [1] [2] [3] [4] [5] [6] [7] [8] [9] The search is conducted by entering a key word (or words) into the topic section. A list of pertinent articles containing that key word is then generated. For the purpose of the present study, we entered "'ACL reconstruction' OR 'anterior cruciate ligament reconstruction' OR 'ACL biomechanics' OR 'anterior cruciate ligament biomechanics' OR 'ACL rehabilitation' OR 'anterior cruciate ligament rehabilitation' OR 'ACL surgery' OR 'anterior cruciate ligament surgery' OR 'ACL prevention' OR 'anterior cruciate ligament prevention.'" Both "ACL" and "anterior cruciate ligament" were used as modifiers to ensure that no article was missed based on a particular wording. In the research area modifier section, we entered "orthopedics" and "surgery." The search time frame was set to January 1994 to the present day. These search criteria generated a list that was then arranged from highest number of citations to lowest.
The 30 articles with the highest number of citations were separated and organized into another list that all authors reviewed for relevancy. All meta-analyses and review articles were excluded, as well as any article pertaining to intra-articular knee pathology not specific to the ACL. Meta-analyses were excluded so that the list would specifically contain only the 30 most cited original articles. All authors individually reviewed each article and designated it either basic science or clinical. Basic science articles were further subdivided as anatomic, animal, biomechanical, or in vitro. All clinical studies were assigned a level of evidence and a study type according to the guidelines published by The Journal of Bone and Joint Surgery-American Volume. Clinical studies were subdivided as therapeutic, prognostic, diagnostic, or economic/decision analysis. The study designation and the level of evidence given to each article by each author were compared by all authors until consensus was reached.
The following information was collected from each article: author(s), journal, year of publication, number of citations since publication, PubMed ID (PMID), and citation density (number of publications per year since publication).
III. resuLTs
The search criteria yielded a total of 6,345 articles, which were organized from the most to the fewest citations. A list of the top 30 according to the predefined inclusion and exclusion criteria was created (Table 1) . Among these, the number of total citations in the last 20 years ranged from 188 to 611. The citation density ranged from 10.1 to 66.2. Nineteen articles were clinical studies, 8 were basic science papers, and 3 were video analyses related to injury patterns, which were designated a separate group. Of the clinical studies, 18 of the 19 (95%) were therapeutic and the remaining 1 was diagnostic (1 of 19; 5%). There were no prognostic or economic/decision analyses articles. Seven of the 8 basic science papers (88%) were biomechanical in design, and 1 was anatomic (12%).
Nineteen articles on the list could be assigned a level of evidence. There were 4 Level I studies (21%), 10 Level II studies (53%), and 5 Level IV studies (26%). A total of 8 papers (8 of 30; 27%) were categorized as basic science and could not be assigned a level of evidence. There were 3 video analyses (3 of 30; 10%), which were also not assigned a level of evidence. There were no Level III or Level V studies.
Nine of the 30 articles (30%) dealt with comparing different graft options for ACL reconstruction; 5 (17%) were related to evaluation of intra-articular graft placement during reconstruction; 5 (17%) were related to gender differences in ACL injuries; 3 (10%) analyzed mechanisms of ACL injury; and 2 (7%) treated prevention of ACL injuries, in particular exercise or stretching programs specifically designed to aid prevention. Twenty-two of the 30 articles had been published in the first decade analyzed (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) . Of the 8 articles published since 2004, 4 were Level II; none were Level I. Three of the 5 articles related to gender differences had been published after 2004 (Fig. 1 ). 
Volume 28, Issue 3, 2018

IV. dIsCussIOn
The purpose of this study was to categorize the 30 most commonly cited original articles related to anterior cruciate ligament injuries over the past 20 years. Although prior citation density studies included publications from the early 1900s until the present day, we chose to limit our study in part to highlight the paradigm shift that has occurred in ACL reconstruction since its inception, with ever-increasing attention placed on anatomic graft placement and re-creation of the individual bundle properties, and in part to provide a suitable list of studies that surgeons can reference for evidence-based decisions to use in their current practice. The majority of study topics on our list relate to comparing graft choices in ACL surgery (9 of 30; 30%), while the second most frequent focus is graft placement and differences in ACL injuries between genders (5 of 30; 17%, respectively). This highlights a few trends in recent ACL literature-specifically regarding the role gender plays in ACL injury patterns-as 4 of the 5 had been published after 2003. Interestingly, the 2 studies related to prevention of ACL injuries dealt exclusively with injuries in female athletes. 25, 27 The majority of studies on our list were Level II clinical studies (10 of 30; 33%), differing from similarly published works for other subspecialties, in which Level IV studies were the most common. 1, 4, 6, 7, 9 There were 4 Level I studies on our list as wellall published within the first decade analyzed-accounting for 13% of all studies and 21% of clinical studies. This is a distribution of Level I studies comparable to that found in To et al. analyzing the 50 most cited articles in hand surgery within the last 20 years. 9 To et al. cite the recent focus on evidence-based medicine as the reason for a larger portion of Level I studies, contrasting with Lefaivre's compilation of the 100 most cited articles in orthopedics, which encompassed all time frames and in which less than 5% reported Level I studies. 4 We were surprised to find that none of the Level I studies published after 2003 had sufficient citations to make 9 This was in order to specifically highlight only original works of research with the highest impact in sports medicine. Although meta-analyses are an important element of evidence-based medicine and have a strong influence on the field of orthopedics, we felt a list solely comprising the most cited original works would be more useful for educational purposes.
While reviewing and assigning levels of evidence to the listed articles, the authors came upon a unique challenge and identified an area in need of clarification regarding evidence levels. Video analyses are prominent among the most commonly cited ACL papers, with 3 among the top 30. Krosshaug et al. designate their study a Level IV case series; however, we would argue that theirs and the other two video analyses do not fit the standard level-of-evidence classification. 6, 16, 23 This issue identifies both a growing trend with regard to study type and the need for consensus in the orthopedic community regarding video-based studies and the correct way to identify their utility with respect to other types of peer-reviewed research. Such a potential deficiency in levels of evidence remains despite a recently published update on JBJS evidence levels by Marx et al. 41 Although Marx et al. did not change any of the assigned levels in the present list, the subtle changes in categories did help to solidify decisions on evidence level for difficult studies. Unfortunately, the update still offered no help on how best to address video analyses.
Compiling our reference list provided a chance to critically assess the current body of highly cited ACL literature. Using it, we could identify possible deficiencies as well as potential areas deserving greater focus in the future. Despite the presence of 4 Level I studies within the last 20 years, the lack of highly cited such studies published after 2003 demonstrates that continued efforts must be made to produce research of the highest quality. We also found that 2 studies in the top 10 focused on prevention strategies for ACL injuries; both had been published after 2003. These publications have amassed 317 and 291 citations in just over ten years, respectively, illustrating that ACL injury prevention is an area of growing interest deserving further exploitation. 25, 27 There were also no economic/ decision analysis studies on our list. Considering the ever-changing landscape of current health care, studies of this nature may have tremendous practical value and should be pursued. It is noteworthy that our list specifically includes only articles with the highest number of citations, and it is certainly possible that publications in the aforementioned areas, although they can be found in the current literature, have so far failed to obtain enough citation density. This serves to reinforce the fact that physicians of all kinds have a responsibility to keep well abreast of current literature in their field.
As practicing surgeons and resident/fellow educators, we strongly believe that a proper understanding of the modern, scientific influences on ACL surgery is critical to guiding future practice and clinical decision making. Knowledge of a surgical procedure's technical evolution is important; however, keeping informed of the most recently published findings on and techniques involved in that procedure is vital to maintaining a reliable clinical practice and guiding future research. Thus, the generated list of the most recently published studies can serve as a useful educational reference for the orthopedic community, especially residents and fellows entering sports medicine. In order to make the list more useful, we included the PubMed ID (PMID) for each study on the list for easy access.
This study is not without weaknesses. Primarily, the search results were entirely dependent on the accuracy of the Web of Science citation index search, which does not include textbook chapters or presentations at annual meetings. By selecting the research area subsets "orthopedics" and "surgery," we may have excluded nonsurgical journal titles. Moreover, number of citations does not necessarily correlate with overall quality or clinical impact. Indeed, the frequency with which an article is referenced can be influenced by self-citation as well as by what Lefaivre terms the "snowball effect," in which studies are cited because they were cited in referenced papers and not because of their quality or content. 4 These same limitations have been encountered by all similar citation-based studies. [1] [2] [3] [4] [5] [6] 8, 9, 16 To summarize, we have created a list of the 30 most cited articles related to anterior cruciate ligament injury within the past 20 years. Our hope is that this list not only will help shape future research by identifying specific areas of interest but also will serve as an educational adjunct for orthopedic residents, fellows, and practicing surgeons. 
